ABSTRACT. Baker, D.G., and R.U. Newton. An analysis of the ratio and relationship between upper body pressing and pulling strength. J. Strength Cond. Res. 18(3):594-598. 2004.-It has been posited that certain balances in strength should exist for opposing muscle groups (e.g., hamstrings and quadriceps) or actions (e.g., internal and external rotation of the shoulder) to improve sports performance or limit the likelihood of injury. Typically, expensive laboratory equipment such as isokinetic devices has been used to evaluate strength balances. The purpose of this study was to determine if two popular field tests of strength could be used to assess a concise strength balance in roughly opposing muscle actions for the shoulder girdle. The two opposing movement actions of pressing away from the shoulder girdle and pulling in towards the shoulder girdle were assessed via the 1 repetition maximum bench press (1RM BP) and 1 repetition maximum pull-up (1RM PU), respectively. Forty-two rugby league players, comprising 21 national league (NRL) and 21 state league (SRL) players, who regularly performed both exercises in their training, served as subjects in this investigation. The equivalence of the strength ratio (BP/PU ϫ 100) and correlation between tests were also examined. The pooled data exhibited a strength ratio of 97.7% (9.0%) and correlation of r ϭ 0.81 between the 1RM BP of 130.1 Ϯ 20.2 kg and 1RM PU of 133.1 Ϯ 17.1 kg. The small standard deviation exhibited tends to indicate that athletes should exhibit a concise ratio of around 100% if pressing and pulling strength have been addressed fairly equally in training. However, some athletes may have body types, preexisting injuries, or training histories that predispose them to either excelling or performing poorly during strength activities for either upper body pressing or pulling actions, with differences in strength of up to 15% existing in some individuals. These factors need to be taken into account when prescribing training based upon the strength ratio between pressing and pulling strength.
INTRODUCTION

I
t has been posited that certain balances in strength should exist for opposing muscle groups (e.g., hamstrings and quadriceps) or actions (e.g., internal and external rotation of the shoulder) to improve physical or sports performance or to limit the likelihood of injury (5-7, 11-15, 17, 19, 23) . If one muscle or movement action is markedly stronger than its opposing muscle or movement action, it is thought that performance could be compromised or that muscle strains could occur in the weaker muscles (5, 7, 11, 12, 15, 17) .
For example, increased strength of antagonist muscles has been shown to increase the movement speed, via a decrease in the ''braking'' time, and accuracy of the limbs in rapid ballistic movements (14, 22) . Therefore it may be seen that opposing movement actions need a certain strength balance so that the antagonist muscles can brake the agonists succinctly in rapid limb movements. If the forces produced in one muscle or movement action largely dominate over its antagonist muscle or opposite action, then conceivably limb speed and accuracy are impaired (14) . This would then lend itself to an impairment in sports performance.
Burkett (5) reported increased incidence of hamstring strains in football players who possessed markedly stronger quadriceps. This may be due to the antagonist hamstring muscles not possessing enough strength to adequately brake the lower limb during a rapid knee extension movement such as sprinting. It is also thought that throwing and racquet sport athletes are at increased likelihood of rotator cuff strain if their training or sport activities have created strength imbalances in the shoulder, favoring the larger internal rotator muscles of the shoulder (11, 12, 15, 17) . Again it is believed that the smaller, weaker external rotator cuff muscles do not possess enough strength to adequately brake or counteract the tremendous forces produced by the internal rotators during the rapid throwing or serving movements (12, 17) . With regards to resistance training for the upper body, it is theorized that a preponderance of pressing movements in the resistance training regime and/or imbalances in strength may predispose the shoulder complex to injuries such as rotator cuff muscle strain and impingement (11, 15) . Therefore the concept of opposing muscle or movement strength balance appears well founded. The level of balance between muscle groups in opposing actions is often termed the strength ratio.
Several sports require athletes to be able to use their shoulder girdle musculature to forcefully press away an opponent's body or limbs and to pull an opponent's body or limbs towards them or to the ground. Athletes such as wrestlers, judoists, mixed martial artists, and rugby football players are required to both press away and pull in large external resistances, such as their opponents. Athletes such as male gymnasts also require tremendous levels of upper body pressing and pulling strength to move their own body mass during the performance of their routines on the various apparatuses, such as rings, high bar, and parallel bars.
Therefore, both upper body pressing and pulling strength are vital for success in these sports. Large discrepancies in strength in either movement action could limit the success of the athlete in these sports or could increase the likelihood of shoulder injuries, such as muscle strains or tendon impingement (e.g., bicep or rotator cuff). Typically, laboratory equipment, such as isokinetic devices, has been used to assess strength ratios in opposing muscles or movement actions (6, 12, 13, 17, 18, 20) . Some limitations of such equipment are its expense and hence availability to the broader sporting population. Also, these isokinetic tests are generally isolated muscle tests, which may be less practical or sports-specific than more integrated functional tests of strength or muscle function (18) . Strength coaches typically prefer integrated field or gymnasium tests of strength that they can easily implement themselves at little or no extra cost. Data collected from these tests could then be analyzed to determine the strength balances in certain movements or muscles, and training could be altered accordingly, if needed.
The purpose of this study was to determine whether two popular field tests of strength could be used to determine the existence of a concise strength ratio in the roughly opposing muscle actions of pressing away from and pulling in towards the shoulder girdle. The relationship between pressing and pulling strength will also be investigated and analyzed according to the training status of the athletes.
METHODS
Experimental Approach to the Problem
This study was designed to investigate the strength ratio of two common movement actions, pressing away and pulling in about the shoulder girdle. This ratio was to be assessed by measuring and comparing 1 repetition maximum (1RM) strength in two common resistance training exercises that use these movement actions. The null hypotheses were that there would be no significant relationship between the bench press and pull-up 1RM and that a largely disparate strength ratio would exist, indicating no concise balance in strength exists in these roughly opposing actions. A concise ratio would be defined by the existence of similarities and a very small standard deviation in the strength ratio. Two groups of athletes with differences in the length and level of resistance training adaptation were studied to determine if these factors have an impact on the extent of the strength ratio or relation.
Subjects
Forty-two rugby league players from the same rugby league football club served as subjects in this investigation and consented to be tested as part of the conditioning requirements of their sport. All were in current resistance training and performed both upper body pressing and pulling resistance training exercises equally and regularly in their training. All the subjects were tested at the end of their preseason training cycle, when their strength and power levels were expected to be at peak levels. Almost all subjects attained or bettered their personal bests in both testing exercises. These subjects were investigated as a whole group (Pooled) and according to their status as full-time professional athletes participating in the elite national rugby league competition (NRL, n ϭ 21) or as semiprofessional college-aged subjects participating in an intrastate league competition, equivalent to a second division competition (SRL, n ϭ 21). A description of the subjects is contained in Table 1 .
The NRL group members were older and more experienced in resistance training, typically with a resistance training history of greater than 6 years. The SRL group members were younger and typically possessed a resistance training history of 1 to 3 years. This grouping provided data pertinent to training history affecting either the levels of maximum strength in the 1RM BP or 1RM PU, the equivalence of the strength ratio, and the relationship between the pressing and pulling tests. Recent studies have indicated that the strength levels and training status of athletes can affect the extent of adaptation to various resistance training stimuli (e.g., 2, 24).
Procedures
The exercises chosen for 1RM testing and analysis were the bench press (BP) and pull-up (PU). The tests were carried out on separate days, with the 1RM BP performed on the first day and the 1RM PU performed 72 hours later. The 1RM BP was chosen because it is a universally accepted test of upper body pressing strength, which entails lowering a barbell resistance towards the chest and then pressing the barbell away to arm's length. The methodology of testing has been described extensively elsewhere (1-4), but briefly it involved the athlete's warming up with lighter resistances and then performing single repetitions with progressively heavier resistances until a 1RM was achieved. Standard free-weight equipment, such as a standard power lifting bench, Olympic barbells, and plates were used.
The PU was chosen to test strength because it is a fairly universally popular exercise often used to test strength and endurance via the maximum number of repetitions that can be completed lifting one's own body mass (21) . Therefore athletes and coaches are reasonably familiar with it in both the testing and training environment. The PU 1RM test was rather unusual in implementation and requires further description. The 1RM was determined by adding the athlete's body mass to the attached additional mass to equal the total mass that was successfully lifted during the 1RM PU test. Additional mass was attached to the athlete's lifting belt via a rope or light chain. This allowed for the incrementation and calibration of lifting mass during the 1RM PU test. For example a 90-kg athlete who could perform a PU with an additional 40 kg attached to the waist, and a 70-kg athlete who could perform a PU with an additional 60 kg attached to the waist would both score 130 kg as their 1RM PU.
The PU test was performed with a supinated grip, and the testing repetition was preceded by an eccentric phase, as is the case for the BP. For the preceding eccentric phase to occur, the athlete and attached additional mass had to be held by three spotters in the starting position of arms flexed and chin in line with the pull-up bar. On the tester's command, the athlete's support was removed and he proceeded into the eccentric phase to arm's length, whereupon he immediately pulled himself back to the flexed arm starting position. Any attempt that did not entail an eccentric portion to full arm's length and a return to the start position was disallowed.
After generalized warm-up of callisthenic and dynamic stretching exercises, the athletes commenced the testing procedure by performing three repetitions in the PU with their own body mass. After these repetitions, the athletes performed only single repetitions with additional mass attached to their waists, starting at an extra 20 kg for the NRL and 10 kg for the less strong SRL group. Mass was increased by 2.5-10 kg at each further attempt until both the athlete and tester were satisfied that the 1RM PU had been attained. The test-retest reliability of r ϭ 0.90 was established upon a subset of 16 of the subjects.
Thus the tests incorporated roughly opposing muscle actions in fairly simple and universally popular resistance training exercises. For example, the BP entailed grasping a barbell with a pronated grip and lowering it to the body, which is stabilized upon a bench, and then pressing this resistance to the starting position of arms extended. The PU entailed gripping a bar, which remains stable, and then lowering the resistance to arm's length and immediately pulling back to the start position of arms flexed.
Statistical Analyses
Factorial analyses of variance (ANOVAs) were used to determine whether differences existed between the groups in 1RM BP, 1RM PU, and strength ratio. In the event of a significant F ratio, Fisher protected least significant difference (PLSD) post hoc comparisons were used to determine where these differences existed. The strength ratio was calculated by dividing the 1RM BP by the 1RM PU and expressing as a percentage (BP/PU ϫ 100). Pearson's moment correlations were also calculated between 1RM BP and 1RM PU. Significance was accepted at an alpha level of p Յ 0.05.
RESULTS
The results for the strength scores are contained in Table  2 . The NRL and SRL groups were significantly different from each other for 1RM BP, 1RM PU, and strength ratio. The results for the relationships between 1RM BP and 1RM PU are contained in Table 3 . Overall the pooled data indicate a strong and significant relationship between upper body pressing and pulling strength in athletes who simultaneously train for maximum strength in both actions. The relationship between BP and PU was much lower in the stronger and more experienced NRL group than in the SRL group. The relationships between body mass and both 1RM BP and 1RM PU were r ϭ 0.60 and r ϭ 0.61, respectively (p Յ 0.05).
DISCUSSION
The 1RM BP results for the NRL and SRL groups are similar to those published before for these groups of athletes (1-4) and require little further discussion. The 1RM PU was a novel test and no data could be found that directly compare strength levels in this pulling test with the results of similar athletes. While data for upper body pressing strength in exercises such as the bench press (BP) are quite extensively reported upon (1-4), data for upper body maximum pulling strength of athletes are scarce. It was expected that the NRL group would be significantly stronger in the 1RM PU than the SRL group, given the results for 1RM BP in the studies listed above and the fact that pulling and pressing strength were equally emphasized in the training program.
Typically data for upper body pulling strength are reported as the maximum number of repetitions that can be performed in the pull-up (PU) or chin-up exercise (21) . Because elite athletes may perform a considerable number of repetitions in the PU, these types of tests in reality become tests of strength-endurance rather than maximum strength. More recently, elite wrestlers have used a speed rope-climb test, which, while being more dynamic and strength-oriented than the maximum pull-up repetitions test, is still more a test of speed-strength rather than pure maximum strength (8) . Thus a simple test of upper body maximum pulling strength that is as readily accepted and easy to implement as the upper body pressing test of 1RM BP is required. While conceptually a seated row test is more truly antagonist to the BP than a PU, practical experience has shown it difficult to perform very strictly with heavy resistances. Athletes will tend to cheat by invoking small amounts of almost indiscernible back, hip, and knee extension, which are summed to the upper body pulling strength, distorting the strength score. This could easily lead to erroneous conclusions being made about an athlete's upper body pulling strength.
The PU is a simple exercise widely used in training in gymnasiums, wrestling halls, judo dojos, and the military. Its familiarity, basic equipment, and simple performance with strict criteria lend itself to 1RM or maximum repetition testing. That is why it was used in this investigation rather than a seated row type of movement.
For the pooled data, the 1RM BP and 1RM PU were very similar in the mass lifted and expressed as a strength ratio, indicating a general equivalence of strength in the opposing actions of pressing and pulling in these athletes. Because the standard deviation for the strength ratio was quite small (9%), it can be seen that a definite concise ratio exists. If the standard deviation for the strength ratio was quite large, it would indicate that tremendous disparities exist in the strength ratio for individuals, reducing the validity of the concept. Some pre-vious testing of shoulder internal and external rotation strength ratios in tennis players reported standard deviations of 12-28% (12) . In comparison, in the younger SRL subjects, who were a similar age to the tennis players in the aforementioned study, the standard deviation was less than 6%.
While there was a strong correlation between test scores, there was also enough variance to suggest that good pressing strength will not ensure good pulling strength. These data would indicate that athletes in sports that require high levels of both upper body pressing and pulling strength should generally possess similar levels of 1RM BP and PU strength, which is probably attained by giving equal attention to both actions during training.
However, an analysis of the test results for the 1RM BP and 1RM PU indicate some interesting results. While the strength ratio of the mean test scores was close to 100% for the elite professional NRL group, there was a much lower relationship between the 1RM BP and 1RM PU when compared to the less strong SRL group. The SRL group was actually significantly different from the NRL in the strength ratio, indicating that they were proportionately stronger in the PU than in the BP, although by only a small amount.
The SRL athletes were significantly younger than the NRL group and possessed a shorter resistance training experience. This shorter training or playing experience may have affected the development of pressing strength, as compared to pulling strength, to a greater degree.
Why the NRL group would exhibit a markedly lower relation between 1RM BP and PU was of interest. At first glance it was assumed that some of the NRL group may have possessed an unbalanced training history in which, perhaps, pressing movements were overemphasized earlier in their resistance training histories at the expense of pulling movements and that this may have impacted upon the relationship between pressing and pulling strength. However, an analysis of the results in fact reveals the exact opposite. To allow for a direct comparison of subjects' strength scores across a large body mass spectrum, the classical or ''two-thirds'' normalizing formula was applied to the strength test scores (16) . The twothirds normalizing formula was chosen because currently there are a number of different formulas for different lifts available to normalize the strength scores of athletes with largely disparate body masses; however none has been developed specially for the PU exercise. Thus a decision was made to use the very generic two-thirds formula for this investigation so as not to use a formula that may favor the bench press, upon which a considerable amount of investigation in this area has been reported (e.g. 9, 10). By normalizing the strength scores with a body mass correction formula (1RM·[.67BM]
Ϫ1
), a direct comparison of strength scores between subjects of different body masses was possible. From this procedure, three subjects were identified that were more than 1 SD below the group mean in 1RM BP strength. For these three subjects the strength ratio was only 84.6%, indicating average pulling strength (149.7 kg) but below average pressing strength (126.6 kg) at a mean body mass of 103.3 kg. Three other subjects were identified as being more than 1 SD above the group mean in 1RM PU strength. For these three subjects, the strength ratio was 89.0%, indicating average pressing strength (139.2 kg) and exceptional pulling strength (156.0 kg) at a mean body mass of 91.0 kg. There were no subjects who were more than 1 SD above the group mean in 1RM BP strength, and the only statistical outlier that existed in the SRL group possessed a strength ratio of 97.5%. If the six statistical outliers are eliminated from the NRL data, then the relationship between 1RM BP and 1RM PU increases markedly from r ϭ 0.52 to r ϭ 0.78.
The reasons why these 6 individuals exhibited large differences in their strength ratios may be more likely due to reasons other than merely previous training history. Factors such as muscle and limb lengths, muscle attachments, or preexisting training-or game-related injuries may affect joint and muscle integrity or the effectiveness of training. These factors may eventually predispose those individuals to enhanced pulling strength or diminished pressing strength. Due to the intense physical front-on upper body contact and the use of no (or at best minimal) shoulder padding in rugby league, contact injuries and constant microtrauma may affect the anterior musculature responsible for pressing strength, leading to a suppression of pressing strength. Because the pulling musculature is mainly on the posterior side of the body and, therefore, not as vulnerable to brutal front-on contact, it may suffer less trauma and, hence, pulling strength would be less affected. The fact that the six outliers were all better pullers than pressers and all existed in the elite professional NRL group may lend credence to this. The SRL may not have had as many opportunities to have damaging contacts to their anterior musculature, or the contacts that they experience in their second division competition may not be as damaging as those experienced in the elite professional league. There may also be a cumulative effect of this type of front-on contact, leading to a suppression of pressing strength over the years in some players of the elite professional group.
On the basis of this research, it can be posited that upper body pressing and pulling strength should be fairly equivalent in athletes who train these actions fairly equally. However, some individuals may have preexisting injuries or specific anatomical considerations that may predispose them to score lower in the pressing movements or conversely higher in the pulling movement. Also athletes in sports such as rugby union and rugby league, wrestling, judo, and various other mixed martial arts, which require tremendous levels of both upper body pressing and pulling strength, must deal with the physical contact that can damage the integrity of the joints and musculature. The intense and prolonged brutal physical contact may lead to an accumulation of injuries that may suppress pressing strength, giving rise to a strength ratio favoring pulling strength. Coaches may need to take this into account when diagnosing and prescribing training based upon the results of these two tests.
It must also be considered that athletes who may overemphasize pressing movements at the expense of pulling movements may exhibit strength ratios in favor of the 1RM BP, although none of the subjects in this study appeared to have done this. However, it could also be expected that athletes from sports in which upper body pressing movements dominate (e.g., shot put, American football lineman, and boxing) may possess strength ratios in favor of BP strength. Strength and conditioning coaches may need to develop an appropriate ratio for these athletes, different from the concise 95-100% ratio that exist-ed for the majority of athletes in this study who had possessed a resistance training history that included pressing and pulling fairly equally. Conversely, athletes who participate in sports in which upper body pulling movements predominate over pressing (e.g., swimming, kayaking, and rowing) also would need to develop their own strength ratios, which would most likely favor pulling strength.
Nonetheless enough evidence exists to suggest that resistance training should be fairly well balanced between agonist and antagonist muscles or movement actions. This balance would then lead to an equivalence in the strength ratio between upper body pressing and pulling movements and would theoretically develop a more balanced and stable shoulder complex. At all times coaches need to consider that weak antagonist muscles may limit limb speed and accuracy during rapid movements (14, 22) and could possibly lead to muscle strains or tendon impingements.
PRACTICAL APPLICATIONS
A 1RM test can be easily implemented to determine upper body pulling strength in the simple and universally popular pull-up exercise. This test is a roughly antagonistic version of the popular upper body pressing movement of BP. A comparison of the test scores should indicate a strength ratio equivalence of around 100%, indicating that the same amount of mass can be lifted in the respective pressing and pulling movements. Strength coaches of sports such as rugby, wrestling, judo, and various other forms of martial arts, in which players must both forcefully press away and pull in opponents, should monitor the development of strength in both actions. However, they should also be aware that some individuals are predisposed to better performances in one test than the other and that this may confound correlation results to some degree. Also younger athletes tend to perform slightly better in the PU test than in the BP test. It could also be expected that athletes from sports in which upper body pressing movements dominate may possess strength ratios in favor of BP strength, whereas athletes from sports in which upper body pulling predominates may possess strength ratios in favor of PU strength.
Prolonged exposure to (or perhaps one acute bout of) intense physical contact, which typically involves the anterior musculature, may affect pressing strength. Cumulative trauma may also be a factor that needs to be taken into account when diagnosing strength ratios and prescribing training for athletes in contact sports.
